Although the use of the insulin tolerance test (ITT) for the diagnosis of adult GH deficiency is well established, diagnostic peak GH cut-points for other commonly used GH stimulation tests are less clearly established. Despite that fact, the majority of patients in the United States who are evaluated for GH deficiency do not undergo insulin tolerance testing. The aim of this study was to evaluate the relative utility of six different methods of testing for adult GH deficiency currently used in practice in the United States and to develop diagnostic cut-points for each of these tests. Thirty-nine patients (26 male, 13 female) with adult-onset hypothalamic-pituitary disease and multiple pituitary hormone deficiencies were studied in comparison with age-, sex-, estrogen status-, and body mass index-matched control subjects (n ‫؍‬ 34; 20 male, 14 female). A third group of patients (n ‫؍‬ 21) with adult-onset hypothalamic-pituitary disease and no more than one additional pituitary hormone deficiency was also studied. The primary end-point was peak serum GH response to five GH stimulation tests administered in random order at five separate visits: ITT, arginine (ARG), levodopa (L-DOPA), ARG plus L-DOPA, and ARG plus GHRH. Serum IGF-I concentrations were also measured on two occasions. For purposes of analysis, patients with multiple pituitary hormone deficiencies were assumed to be GH deficient. Three diagnostic cut-points were calculated for each test to provide optimal separation of multiple pituitary hormone deficient and control subjects according to three criteria: 1) to minimize misclassification of control subjects and deficient patients (balance between high sensitivity and high specificity); 2) to provide 95% sensitivity for GH deficiency; and 3) to provide 95% specificity for GH deficiency. The greatest diagnostic accuracy occurred with the ITT and the ARG plus GHRH test, although patients preferred the latter (P ‫؍‬ 0.001). Using peak serum GH cut-points of 5.1 g/liter for the ITT and 4.1 g/liter for the ARG plus GHRH test, high sensitivity (96 and 95%, respectively) and specificity (92 and 91%, respectively) for GH deficiency were achieved. To obtain 95% specificity, the peak serum GH cutpoints were lower at 3.3 g/liter and 1.5 g/liter for the ITT and ARG plus GHRH test, respectively. There was substantial overlap between patients and control subjects for the ARG plus L-DOPA, ARG, and L-DOPA tests, but test-specific cutpoints could be defined for all three tests to provide 95% sensitivity for GH deficiency (peak GH cut-points: 1.5, 1.4 and 0.64 g/liter, respectively). However, 95% specificity could be achieved with the ARG plus L-DOPA and ARG tests only with very low peak GH cut-points (0.25 and 0.21 g/liter, respectively) and not at all with the L-DOPA test. Although serum IGF-I levels provided less diagnostic discrimination than all five GH stimulation tests, a value below 77.2 g/liter was 95% specific for GH deficiency. In conclusion, the diagnosis of adult GH deficiency can be made without performing an ITT, provided that test-specific cut-points are used. The ARG plus GHRH test represents an excellent alternative to the ITT for the diagnosis of GH deficiency in adults. (J Clin Endocrinol
G H DEFICIENCY (GHD) in adults is now a well-recog-
nized condition, associated with a number of metabolic abnormalities, many of which are reversible with replacement therapy (1) . Current published consensus guidelines recommend that the diagnosis of adult GHD be established in patients with an appropriate clinical history by demonstrating a peak GH concentration of less than 3-5 g/liter following insulin-induced hypoglycemia (insulin tolerance test, ITT) (2, 3) . However, this test is labor intensive, has potential risks, and is contraindicated in some patients.
For these reasons, the ITT is not commonly performed in the United States. A recent study of over 800 patients undergoing evaluation for GHD in the United States reported that 77.7% of the subjects were tested with arginine (ARG), levodopa (l-DOPA), or ARG plus l-DOPA, with only 11.4% of patients undergoing the ITT (4) . These other commonly employed GH stimulation tests have been interpreted using the same diagnostic cut-points as those reported for the ITT (3-5 g/ liter), despite lack of data supporting this approach. Although the combined ARG plus GHRH test has been proposed to be the best alternative to the ITT with a peak GH cut-point of 9 g/liter (3, 5) , this test has been reported to be performed in fewer than 1% of patients in the United States (4) . While the response to multiple pharmacologic agents in healthy adults has been evaluated in several studies (6 -12) , comparison of diagnostic stimulation tests in patients with hypothalamic-pituitary disease has been limited to two or three tests in prior studies (5, (13) (14) (15) (16) . Drawbacks of earlier studies included a lack of control subjects or matching control subjects to hypopituitary patients by age and sex alone. While such reports are valuable, GH secretion is also influenced by other factors, such as body composition and estrogen use (17) . Therefore, evaluation of tests designed to diagnose GHD should control for such variables (18, 19) .
We investigated the utility of five different stimulation tests used in clinical practice in the United States and developed test-specific cut-points to improve the diagnostic accuracy of these tests. Toward this end, we compared the peak serum GH response in patients with adult-onset hypothalamic-pituitary disease and multiple (two or more) additional (other than GHD) pituitary hormone deficiencies (MPHD) with that in control subjects rigorously matched for age, sex, body mass index (BMI), and estrogen status. The diagnostic usefulness of the GH-dependent biochemical marker, IGF-I was also evaluated. To define diagnostic cutpoints for each test, we assumed that the MPHD patients were GH deficient, based on prior studies demonstrating that such patients have an approximately 90% chance of having severe GHD with the ITT (20, 21) . Three diagnostic cut-points were calculated for each test, using two distinct statistical methods, to provide optimal separation of MPHD and control subjects according to three criteria: 1) to minimize misclassification of control subjects and MPHD patients (balance between high sensitivity and high specificity); 2) to provide 95% sensitivity for GHD; and 3) to provide 95% specificity for GHD. These cut-points were then used to evaluate a third group of subjects with hypothalamic-pituitary disease and not more than one additional pituitary hormone deficiency [0 -1 pituitary hormone deficiencies (PHD)]. Previous studies have shown that such patients have a lower probability of having severe GHD (20, 21) , but few data comparing different tests are available for this patient group.
Subjects and Methods Subjects
Study subjects were recruited at five United States pituitary centers. The institutional review board at each site approved the study, and all patients gave written informed consent. Subject characteristics are shown in Table 1 . The primary study group consisted of 39 patients with adult-onset hypothalamic-pituitary disease and MPHD. The four PHD considered in this study were: 1) TSH deficiency; 2) ACTH deficiency; 3) gonadotropin deficiency (LH and/or FSH deficiency were counted as one deficiency); and 4) AVP deficiency (central diabetes insipidus). PRL deficiency was not considered a PHD in this study. Women under the age of 50 yr with untreated hypogonadism were excluded from the study. The MPHD group included 26 men and 13 women; ages ranged from 26.3 to 70.1 yr (mean: 48.9 Ϯ 11.1 [sd] yr, median: 49.2 yr). The most common disorders leading to hypopituitarism in this group were pituitary adenomas (74%) or other tumors (18%), as shown in Table 2 .
Thirty-one percent of patients had two additional (other than GHD) PHD, 54% had three PHD, and 15% had four PHD (Table 2) .
A second group of 21 patients (4 men, 17 women) with adult-onset hypothalamic-pituitary disease and 0 -1 PHD was also studied. The age range in these subjects was 26.5 to 65.4 yr (mean: 48.2 Ϯ 11.3 yr, median: 49.2 yr), and 71% had a history of pituitary adenoma. Forty-three percent of this group had no additional PHD; 57% had one treated PHD (Table 2) .
Intracranial lesions had been stable for at least 2 yr before study entry, and at least 3 months of stable treatment were required for those taking hormone replacement for hormone deficiencies other than GHD. GH therapy was not administered for at least one month before study entry, based on data that demonstrate that serum IGF-I levels return to nearbaseline within 48 h after cessation of GH (22) . The protocol required that all patients with hypogonadism be treated with sex steroid replacement therapy, except for women over 50 yr of age. Patients undergoing concurrent therapy with monoamine oxidase inhibitors or cabergoline were excluded. Patients taking other dopamine agonists were required to discontinue therapy 7 d (pergolide) and 4 d (bromocriptine) before each stimulation test. All subjects (both pituitary patients and control subjects) with a history of acromegaly, active Cushing's disease, cardiovascular or cerebrovascular disease, seizures, diabetes, malignancy, renal, or hepatic dysfunction or who were pregnant were excluded from the study.
The study also enrolled 34 control subjects (20 men, 14 women), matched to the MPHD patients for sex, age (Ϯ5 yr), BMI (Ϯ2 kg/m 2 ), and estrogen status. Their ages ranged from 24.1-68.1 yr (mean: 47.2 Ϯ 11.3 yr, median: 48.0 yr). For matching of estrogen status, women under the age of 50 yr with MPHD who were on estrogen replacement therapy were matched to female control subjects who were also taking estrogen (as an oral contraceptive or for replacement). Women with MPHD over the age of 50 yr who had untreated hypogonadism were matched to female control subjects who were not receiving estrogen. The control subjects were healthy, and had undergone normal growth and development. The female control subjects had a history of regular, ageappropriate menses. The male control subjects had normal serum testosterone concentrations. Serum PRL concentrations were normal in all control subjects.
Study procedures
All subjects were first evaluated at a screening visit for a complete medical history, physical examination and laboratory tests. They then underwent stimulation testing on five separate mornings; each visit was separated by 5-21 d. Subjects fasted overnight for at least 10 h before b Of the 7 patients with 0 -1 PHD who had 2°hypogonadism, 4 received gonadal steroid replacement. Among the 14 patients with 0 -1 PHD who did not have 2°hypogonadism, 4 women received estrogen either for contraception or treatment of menopause.
arrival and refrained from strenuous exercise on the morning of each test. The indwelling catheter was inserted 30 -60 min before the initial baseline blood sampling. Five GH stimulation tests were performed in random order, one at each study visit, according to the following procedures.
1) ITT.
Regular human insulin 0.10 -0.15 U/kg was administered iv with a target blood glucose less than 40 mg/dl. Additional insulin boluses were administered if needed to achieve the target glucose value unless the investigator believed this to be unsafe. Administration of iv dextrose was allowed if the subject developed signs of neuroglycopenia in association with hypoglycemia.
2) ARG test. Thirty grams of l-ARG hydrochloride (10% solution) were infused iv over 30 min.
3) l-DOPA. l-DOPA (500 mg) was administered PO.
4)
Combined ARG plus l-DOPA test (ARG-l-DOPA). l-DOPA (500 mg) was given PO at initiation of the 30-min l-ARG (30 g) iv infusion.
5) Combined ARG plus GHRH test (ARG-GHRH)
. GHRH (Geref Diagnostic, provided by Serono, Norwell, MA) 1 g/kg was administered by an iv bolus, followed by a 30-min infusion of l-ARG (30 g).
All tests were performed in all subjects, except for the ITT, which was omitted in subjects older than 55 yr (26 of the 94 study subjects). A twelve-lead electrocardiogram was performed before each ITT to exclude active ischemia. Blood was sampled every 20 -30 min for 2.5 h, beginning 30 min before the administration of the provocative agents. During each test, blood samples were centrifuged and frozen (Ϫ20 C). Following completion of all stimulation tests for an individual subject, the frozen samples were shipped in a single batch on ice to a central laboratory. At the conclusion of the last stimulation test, patients were asked to rank the tests in order of preference from one (most preferred) to five (least preferred).
Serum IGF-I concentrations were measured at the screening visit and the first stimulation test visit. sd scores (SDS) were calculated for all patients with MPHD and for all control subjects, using the serum IGF-I means and sds, appropriate for age and sex, provided by the central laboratory (Esoterix Endocrinology, Calabasas Hills, CA).
Assays
Samples were analyzed in duplicate at a central laboratory (Esoterix Endocrinology, Calabasas Hills, CA) according to the following procedures.
GH assay. All serum samples from an individual subject were analyzed in one assay. Serum GH concentrations were measured using an immunochemiluminometric assay specific for 22-kDa human GH with a sensitivity of 0.05 g/liter (23) . The intra and interassay coefficients of variation ranges were 3.8 -9.1% and 8 -10%, respectively for a quality control range of 0.3-20 g/liter. Samples higher than 20 g/liter were repeated on dilution. This assay is calibrated against the WHO 80/505 international GH standard (human pituitary derived GH) but uses native-sequence recombinant human GH as standard (Eli Lilly & Co., Indianapolis, IN). This method yields results that are on average one half of those obtained with a polyclonal RIA (Mark Stene, Esoterix Endocrinology, personal communication).
IGF-I assay. Serum IGF-I concentrations were measured in a highly specific competitive binding RIA after acid-ethanol extraction (24) . The assay uses native sequence IGF-I (Bachem, Torrance, CA) as standard but is standardized 16% higher than native sequence (mass correct) IGF-I (Genentech, Inc., South San Francisco, CA) because the normal ranges were established before the availability of this standard. IGF-II is added to each assay tube to eliminate potential interference from residual low molecular weight IGF binding proteins. The assay sensitivity was 12.9 g/liter. The intra and interassay coefficients of variation ranges were 4.1-6.5% and 6.6 -8.4% for a quality control range of 60 g/liter-500 g/liter, respectively (Mark Stene, Esoterix Endocrinology, personal communication).
Statistical analysis
Data are presented throughout as mean Ϯ sd, except where noted otherwise. Serum GH values below the detection limit of less than 0.05 g/liter were set at 0.025 g/liter for analysis. The peak serum GH response was used as the primary variable for analysis of stimulation tests. Group differences were analyzed by t tests or 2 tests. Significance (two-sided) was set at 0.05. Patient test preferences were analyzed by Friedman's test and sign tests. The agreement between the two serum IGF-I measurements was assessed by Pearson's correlation between the two values.
To define diagnostic cut-points for each test, we assumed that the MPHD patients were GH deficient, based on prior studies demonstrating that such patients have an approximately 90% chance of having severe GHD based upon testing with the ITT (20, 21) . Three diagnostic cut-points were calculated for each test, using two distinct statistical methods (described below), to provide optimal separation of MPHD and matched control subjects according to three criteria: 1) to minimize misclassification of control subjects and MPHD patients (balance between high sensitivity and high specificity); 2) to provide 95% sensitivity for GHD; and 3) to provide 95% specificity for GHD. Positive predictive value (PPV), sensitivity and specificity were calculated for each test using the numbers of patients with true positive (TP), true negative (TN), false positive (FP) and false negative (FN) results (25) . In this analysis, MPHD patients were classified as TP or FN, depending on whether their peak GH or IGF-I value was below or above the test-specific cut-point, respectively. Control subjects were classified as TN or FP, depending on whether their peak GH or IGF-I value was above or below the testspecific cut-point, respectively. Sensitivity was defined as the percentage of patients with MPHD who had a peak GH below the test-specific cut-point (calculated as TP/[TP ϩ FN]). Specificity was defined as the percentage of control subjects with peak GH above the test-specific cut-point (calculated as TN/[TN ϩ FP]). Positive predictive value was defined as the likelihood that a subject with a positive test (peak GH below the test-specific cut-point) was clinically GH-deficient, based on the presence of MPHD (calculated as TP/[TP ϩ FP]). After defining test-specific cut-points based on the comparison of MPHD patients and matched control subjects, the percentage of 0 -1 PHD patients with peak GH values below these cut-points was calculated for each test.
Classification and regression tree analysis (CART) was performed (S-Plus 2000) to discriminate MPHD patients from the matched control subjects based upon the peak GH or IGF-I concentration, and upon IGF-I SDS. This computer algorithm calculated cut-point values for peak serum GH and IGF-I that minimized misclassification of patients with MPHD and control subjects. Diagnostic cut-points defined by CART provide a balance between high sensitivity and high specificity. The impact of age, sex, and BMI on cut-points calculated by CART was explored by including these factors in the model. Additionally, multiple linear regression analysis was used to describe the effects of age, sex and BMI on peak GH values.
The diagnostic accuracy of each test was also investigated using receiver-operating characteristic (ROC) curves calculated with Accu-ROC (version 2.0) (26) . Once again, the comparison of MPHD patients and matched control subjects was used for this analysis, with PPV, sensitivity and specificity as defined above. The ROC curves plotted the TP rate (sensitivity) against the FP rate (1-specificity) for different cutpoints of peak GH and serum IGF-I concentrations, and for IGF-I SDS. A test with perfect discrimination between the control and MPHD groups (100% sensitivity and 100% specificity) would coincide with the upper left corner of the box, and be associated with a ROC area of 1.0 (see Fig. 3 ). In contrast, a test providing no discrimination between the two groups would result in a diagonal line from the lower left to the upper right corner of the box (sensitivity ϭ 1-specificity), and correspond to a ROC area of 0.5. Peak GH and serum IGF-I cut-points corresponding to 95% sensitivity and 95% specificity for GHD were calculated using the ROC curves.
Adverse events that occurred in more than 5% of subjects within 48 h of each GH stimulation test are reported for all three groups of subjects combined because they were similar in all groups. There were no serious adverse events (defined by regulatory criteria) during this study. Table 3 ) as follows: a, minimize misclassification of MPHD patients and control subjects; b, 95% sensitivity for GHD; and c, 95% specificity for GHD.
Results
The individual peak serum GH concentrations and the mean serum GH concentrations over time for each test in the MPHD patients and matched control subjects are shown in Fig. 1 . Figure 2 shows individual peak GH concentrations in patients with 0 -1 PHD. The ROC curves for each test are shown in Fig. 3 . The ROC areas and test-specific cut-points determined by CART and ROC analyses (with PPV, sensitivity and specificity for each cut-point) are shown in Table 3 .
ITT
The mean peak GH response to ITT in the patients with MPHD was 0.95 Ϯ 1.9 g/liter (range: 0.025-7.9 g/liter, median: 0.04 g/liter). Ninety-three percent of these subjects had peak serum GH levels below 5 g/liter and 89% had levels below 3 g/liter.
The peak GH response in the age, BMI, sex, and estrogenmatched control subjects was significantly (P Ͻ 0.001) higher than in the MPHD patients (mean: 17.8 Ϯ 12.5 g/liter; range: 0.025-52.0 g/liter; median: 15.0 g/liter). One control subject (age: 38.2 yr, BMI: 35.3 kg/m 2 ), who had a blood glucose nadir of 45 mg/dl, had a peak GH response of less than 0.05 g/liter during the ITT. His peak GH response to ARG-GHRH administration was 1.5 g/liter, but his response to ARG-l-DOPA was above the median for the control group at 5.9 g/liter. All other control subjects had peak serum GH concentrations of at least 4.6 g/liter with ITT.
In the patients with a history of pituitary disease and 0 -1 PHD, the peak GH response (mean: 6.2 Ϯ 6.3 g/liter; range: 0.07-21.0 g/liter; median: 5.4 g/liter) was significantly lower than that for control subjects (P Ͻ 0.001) but did not differ significantly from the MPHD patients (P ϭ 0.051).
The cut-point to minimize misclassification of MPHD patients and control subjects (CART, 96% sensitivity and 92% specificity) and the ROC analysis cut-point affording 95% sensitivity (with 92% specificity) were virtually identical at 5.1 and 5.0 g/liter, respectively, as shown in Figs. 1A and Table 3 . To attain a higher degree of specificity (95%), a cut-point of 3.3 g/liter can be employed, with a sensitivity of 89%. Among patients with 0 -1 PHD, 47% had peak GH values below 5.1 g/liter.
The time points at which peak serum GH occurred ranged from 20 to 120 min following insulin injection, without a single time point providing adequate information in any group. The majority of the control subjects (88%) experienced a peak serum GH at the 60 or 90 min time points, whereas half of the MPHD patients did not attain a peak GH until the 120 min time point.
Five of the 68 subjects undergoing ITT had blood glucose nadirs above 40 mg/dl (range: 42-51 mg/dl); three were in the MPHD group, and there was one in each of the other two groups. However, in four of these five subjects, symptoms of hypoglycemia were present. The fifth subject was asymptomatic when the bedside blood glucose monitor read 35 mg/dl, but the simultaneously drawn laboratory value later returned at 51 mg/dl. One of these five subjects was in the control group, and as noted above, he had a peak GH response less than 0.05 g/liter to the ITT. All other control subjects had glucose nadirs Յ 40 mg/dl. The cut-point to minimize misclassification of MPHD patients and control subjects was not altered by excluding from the analysis the one control subject and three MPHD patients with glucose nadirs above 40 mg/dl. Twenty-seven subjects received iv dextrose for treatment of symptomatic hypoglycemia. The percentage of subjects with glucose nadirs below 20 mg/dl was significantly higher (58%) in the group of subjects receiving iv dextrose than in the group that did not receive iv dextrose (25%, P ϭ 0.007). There was no significant difference in the mean peak GH response to ITT between subjects who received iv dextrose during the test (40%) compared with those who did not (60%) (P ϭ 0.27).
Subjects undergoing the ITT reported numerous side effects, of which the most common were sweating (79%), vasodilatation or flushing (47%), hunger (40%), asthenia (38%), dizziness (34%), somnolence (29%), palpitations (21%), abnormal thinking (16%), tachycardia (15%), thirst (15%), nausea (12%), and nervousness (12%). Other side effects, which occurred in 5-10% of the subjects, were headache, speech disorder, chills, tremor, postural hypotension, amblyopia, and sleep disorder. Although most of these events were rated "mild" or "moderate" in severity, the intensity of these events was considered to be "severe" in a small number of patients, including one episode of syncope. However, there were no serious adverse events requiring hospitalization or causing permanent sequelae.
ARG-GHRH test
The combination of ARG infusion and GHRH bolus produced a mean peak GH response in the patients with MPHD of 1.4 Ϯ 1.7 g/liter (range: 0.025-7.7 g/liter, median: 0.95 g/liter). Ninety-five percent of these subjects had peak serum GH levels below 5 g/liter and 87% had levels below 3 g/liter. In the control subjects, the peak GH response to ARG-GHRH was significantly (P Ͻ 0.001) higher than in the MPHD patients (mean: 18.4 Ϯ 22.1 g/liter; range: 1.2-127.0 g/liter; median: 12.0 g/liter). Two control subjects (6%) had peak serum GH levels less than 3 g/liter and five (15%) had peak levels less than 5 g/liter. The two male control subjects who had peak levels less than 3 g/liter did not differ substantially from the rest of the group in age or BMI. One of these men also had no GH response to an ITT, as reviewed above. Both subjects had a normal response to at least two other tests, as defined by CART analysis.
In the patients with a history of pituitary disease and 0 -1 PHD, the peak GH response (mean: 9.6 Ϯ 6.3 g/liter; range: 0.51-20.0 g/liter; median: 11.0 g/liter) was significantly lower than that for control subjects (P ϭ 0.02) but was higher than that for the MPHD patients (P ϭ 0.03).
The cut-point to minimize misclassification of MPHD patients and control subjects (CART, 95% sensitivity, 91% specificity) and the ROC analysis cut-point affording 95% sensitivity (with 85% specificity) were nearly identical at 4.1 and 4.6 g/liter, respectively, as shown in Fig. 1B and Table 3 . For a specificity of 95%, a cut-point of 1.5 g/liter yielded a sensitivity of 68%. Among patients with 0 -1 PHD, 29% had peak GH values less than 4.1 g/liter.
Following ARG-GHRH, the time points at which peak serum GH occurred ranged from 30 to 120 min; no single time point provided adequate information in any group. The majority of the control subjects (82%) experienced a peak serum GH at the 30 or 60 min time points, whereas the majority (68%) of the MPHD patients attained a peak GH between the 60 and 90 min time points.
The most common side effect reported during the ARG-GHRH test was vasodilatation or flushing, which was seen in 58% of subjects. Other side effects, which occurred in The ROC curve plots the true positive rate (sensitivity) against the false-positive rate (1-specificity) for different cut-points. A test with perfect discrimination between MPHD patients and matched control subjects (100% sensitivity and 100% specificity) would coincide with the left upper corner of the box, and be associated with a ROC area of 1.0. In contrast, a test providing no discrimination between groups would result in a diagonal line from the left lower to the right upper corner of the box (sensitivity ϭ 1-specificity), and correspond to a ROC area of 0.5. The arrows and superscripts indicate the location on the ROC curves of the three diagnostic cutpoints (see Table 3 ) defined as follows: a, minimize misclassification of MPHD patients and control subjects; b, 95% sensitivity for GHD; and c, 95% specificity for GHD. The area under the curve (AUC) for each ROC curve is shown.
5-10% of the subjects, were paresthesias, nausea, and abnormal taste sensation.
ARG-L-DOPA test
The combined ARG-l-DOPA test produced a mean peak GH response in the patients with MPHD of 0.31 Ϯ 0.65 g/liter (range: 0.025-3.5 g/liter, median: 0.05 g/liter). All but one of these subjects had a peak serum GH level less than 3 g/liter.
The peak GH response in the control subjects was significantly (P Ͻ 0.001) higher than in the MPHD patients (mean: 6.7 Ϯ 7.1 g/liter; range: 0.16 -37.0 g/liter; median: 5.4 g/liter). However, a substantial number of control subjects (35%) had a peak serum GH level less than 3 g/liter, and 47% of this group had values less than 5 g/liter.
In patients with 0 -1 PHD, the peak GH response (mean: 3.0 Ϯ 2.4 g/liter; range: 0.09 -8.8 g/liter; median: 3.2 g/ liter) was significantly lower than that for control subjects (P ϭ 0.004) but was higher than that for the MPHD patients (P ϭ 0.04).
A cut-point of 1.7 g/liter minimized the misclassification of MPHD patients and control subjects and provided 97% sensitivity and 79% specificity (Fig. 1C and Table 3 ). Using sensitivity set at 95% with ROC analysis, a cut-point of 1.5 g/liter yielded 79% specificity. To achieve a specificity of 95%, a low cut-point of 0.25 g/liter was required, resulting in a sensitivity of 75%. Among patients with 0 -1 PHD, 40% had peak GH values less than 1.7 g/liter.
The time to peak serum GH occurred at 30 or 60 min in 68% of the control subjects. In contrast, peak serum GH was measured at the 120 min time point in 68% of the MPHD patients.
The most common side effects during the ARG-l-DOPA test were nausea (29%), vomiting (12%) and paresthesias (12%). Other side effects reported in 5-10% of subjects included asthenia, dizziness, abnormal taste sensation, and dry mouth.
ARG test
Following ARG infusion, the mean peak serum GH response in the patients with MPHD was 0.3 Ϯ 0.51 g/liter (range: 0.025-2.4 g/liter, median: 0.09 g/liter). All patients had a peak serum GH level less than 3 g/liter.
In control subjects, the peak GH response was significantly (P Ͻ 0.001) higher than in the MPHD patients (mean: 3.7 Ϯ3.3 g/liter; range: 0.08 -11.0 g/liter; median: 2.6 g/liter). However, the majority of control subjects (59%) had peak serum GH levels less than 3 g/liter and 68% of this group had values less than 5 g/liter.
In the group of patients with 0 -1 PHD, the peak serum GH response (mean: 2.6 Ϯ 2.5 g/liter; range: 0.06 -9.5 g/liter; median: 2.1 g/liter) was significantly higher than that for the MPHD patients (P Ͻ 0.001) but did not differ significantly from the control subjects (P ϭ 0.12).
As shown in Fig. 1D and Table 3 , a cut-point of 0.4 g/liter minimized the misclassification of MPHD patients and control subjects and produced a sensitivity of 87% and a specificity of 91%. For a higher sensitivity (95%), a cut-point of 1.4 g/liter resulted in a specificity of 62%. To achieve a high specificity (95%), a lower cut-point of 0.21 g/liter was required, which was associated with a sensitivity of 74%. Among patients with 0 -1 PHD, 19% had peak GH values less than 0.4 g/liter.
Sixty-five percent of control subjects had a peak serum GH level measured at the 60 or 90 min time points, whereas the peak occurred at 90 or 120 min in 74% of the MPHD patients.
Side effects were uncommon with the ARG test, but 5-10% of subjects reported paresthesias, dry mouth, and headache.
L-DOPA test
The mean peak serum GH response to l-DOPA in the patients with MPHD was 0.13 Ϯ 0.22 g/liter (range: 0.025-1.0 g/liter, median: 0.03 g/liter). None had peak serum GH levels above 3 g/liter.
In control subjects, the peak GH response was significantly (P Ͻ 0.001) higher than in the MPHD patients (mean: 3.3 Ϯ 4.9 g/liter; range: 0.025-20.0 g/liter; median: 1.4 g/liter). Nevertheless, the majority of control subjects (68%) had peak serum GH levels below 3 g/liter and most (79%) were less than 5 g/liter.
In the patients with 0 -1 PHD, the peak serum GH response (mean: 1.4 Ϯ 1.6 g/liter; range: 0.025-5.3 g/liter; median: 0.74 g/liter) was significantly lower than that for control subjects (P ϭ 0.03) but did not differ significantly from the MPHD patients (P ϭ 0.13).
A cut-point of 1.1 g/liter minimized the misclassification a Three cut-points were determined for each test, derived from comparison of results obtained in patients with MPHD and matched control subjects: 1) to minimize misclassification of control subjects and MPHD patients (balance between high sensitivity and high specificity); 2) 95% sensitivity for GHD; and 3) 95% specificity for GHD. The PPV, sensitivity and specificity for the three cut-points are shown for each test, along with the ROC AUC for each test.
b Units are g/liter for all cut-points except the IGF-I SDS cut-points, which have no units. AUC, Area under the curve.
of MPHD patients and control subjects and provided 100% sensitivity and a specificity of 62%, as shown in Fig. 1E and Table 3 . A lower cut-point of 0.64 g/liter increased the specificity to 71%, while maintaining 95% sensitivity. However, ROC analysis demonstrated that it was not possible to reach 95% specificity with this test. Among patients with 0 -1 PHD, 55% had peak GH values less than 1.1 g/liter.
The peak serum GH was measured at 90 or 120 min in 74% of control subjects and in 87% of MPHD patients.
Twenty-six percent of subjects reported nausea with l-DOPA. Other side effects seen in 5-10% of subjects were dizziness, asthenia, and headache.
Comparison of GH stimulation test results
Results obtained with the five GH stimulation tests were compared using the cut-points to minimize misclassification of MPHD patients and control subjects (CART analysis) for each test. Specifically, a patient was considered to have a normal response if the peak GH value exceeded the testspecific cut-point. Only two MPHD patients responded normally on more than one test. Four other MPHD patients responded normally to one test but not to the other tests. Only one MPHD patient, who had a pituitary adenoma, responded normally to the ITT but subsequently withdrew from the study and did not have any other tests. Of these seven patients, six had pituitary adenomas and 1 had a craniopharyngioma. The patient with the craniopharyngioma responded normally to ARG-GHRH and ARG but not to the ITT (peak GH ϭ 0.43 g/liter), l-DOPA, or ARG-l-DOPA. The only other MPHD patient who responded normally to ARG-GHRH had a pituitary adenoma and had abnormal responses to ARG-l-DOPA, ARG, and l-DOPA; he did not have an ITT due to his age (63.5 yr).
Effect of sex, age, and BMI on peak GH values
For the GH response to ITT in control subjects, BMI had a significant inverse relationship with peak serum GH when controlling for age (r ϭ Ϫ0.43, P ϭ 0.034); similar results were observed with ARG-GHRH (r ϭ Ϫ0.36, P ϭ 0.037). For every increase of 1 kg/m 2 , the peak serum GH level was 0.89 g/liter lower for the ITT and 1.4 g/liter lower for the ARG-GHRH test. In contrast, BMI had no significant effect on the peak GH response to the other three stimulation tests in the control subjects. Among MPHD patients, BMI had an inverse effect on peak GH when controlling for age with l-DOPA (r ϭ Ϫ0.32, P ϭ 0.05) but no significant effect with the other stimulation tests. Age had no significant effect on peak serum GH in control or MPHD subjects for any of the five GH stimulation tests.
Sex had a significant effect on peak GH in control subjects when controlling for age with the ARG (P ϭ 0.01), and ARG-GHRH tests (P ϭ 0.03). The female control subjects (n ϭ 4) had higher peak serum GH values than the male control subjects (n ϭ 20) on the ARG test (5.2 Ϯ 3.3 vs. 2.6 Ϯ 3.0 g/liter), and on the ARG-GHRH test (27.1 Ϯ 30.5 vs. 12.3 Ϯ 10.9 g/liter). There was no statistically significant effect of sex on the GH responses to the other tests in control subjects, or on the results of any stimulation test in the patients with MPHD.
Despite these relationships identified by regression analyses, the inclusion of sex, age, and BMI in the model did not alter the peak GH cut-points arrived at by CART analysis. Table 4 shows subject preferences for the five stimulation tests. The ITT was the least preferred test by subjects in all three study groups. ARG alone was ranked as the most preferred test. The ARG-GHRH test was preferred significantly more than the ITT (P ϭ 0.001).
Patient test preferences

IGF-I
The serum IGF-I concentration at the screening visit was highly correlated with the level at the first stimulation test visit (r ϭ 0.87, P Ͻ 0.001). Correlations were similar among the subgroups (control subjects: r ϭ 0.80; MPHD patients: r ϭ 0.87; 0 -1 PHD patients: r ϭ 0.89, P Ͻ 0.001 for all). There were no significant differences between the IGF-I concentrations at visit 1 compared with visit 2 for control subjects (141.6 Ϯ 44.6 vs. 133.1 Ϯ 35.9 g/liter, P ϭ 0.074), MPHD patients (90.9 Ϯ 45.6 vs. 92.7 Ϯ 48.5 g/liter, P ϭ 0.66) or 0 -1 PHD patients (127.1 Ϯ 58.4 vs. 117.2 Ϯ 62.3 g/liter, P ϭ 0.14). Therefore, the screening visit IGF-I values were used in the evaluation of IGF-I as a diagnostic test using CART and ROC analyses. When all three groups were considered together, there were statistically significant (P Ͻ 0.05) correlations between peak GH and serum IGF-I for each GH stimulation test (r values ranging from 0.21 to 0.44), but this relationship only accounted for 4 -19% of the variance in the serum IGF-I values. Within each group of patients, the correlations between peak GH and IGF-I were less consistent with relatively small sample sizes.
Although the mean serum IGF-I levels were significantly different in MPHD patients compared with carefully matched control subjects (P Ͻ 0.001), there was substantial overlap between the two groups (Fig. 1F) . In the patients with a history of pituitary disease and 0 -1 PHD, serum IGF-I concentrations were intermediate between the values for the other two groups. These values were significantly higher than those observed in the MPHD patients (P ϭ 0.007), but they did not differ from the control group values.
Among control subjects, 3 of 34 subjects (8.8%) had IGF-I values that were slightly below the normal range for age and sex (provided by the central laboratory) at the first office visit. All three of these control subjects had low normal IGF-I values at the second visit. Fifty-six percent of the MPHD patients had IGF-I values that were below the normal range for age and sex. Among patients with 0 -1 PHD, 38.1% had IGF-I values that were below the normal range.
A cut-point of 127.1 g/liter minimized the misclassification of MPHD patients and control subjects and provided a sensitivity of 85% and a specificity of 68% as shown in Fig.  1F and Table 3 . Among patients with 0 -1 PHD, 57% had serum IGF-I values below 127 g/liter. For a higher sensitivity (95%), a cut-point of 200.7 g/liter resulted in a specificity of only 9%. However, a cut-point of 77.2 g/liter yielded 95% specificity and a sensitivity of 40%. Thus, an IGF-I level less than 77 g/liter may be useful for identification of patients with a very high probability of GHD. Alternatively, an IGF-I SDS of Ϫ2.00 may be used, which provided 100% specificity but only 46% sensitivity for GHD (Table 3) .
Discussion
This study is the first to compare six methods of testing for GHD in adults with hypothalamic-pituitary disorders and in control subjects matched for age, sex, estrogen use, and BMI. We considered patients with MPHD to be at the greatest risk for GHD, as has been previously demonstrated (4, 20 -21, 27-29) . The GH response to ITT and the ARG-GHRH test produced the sharpest separation between MPHD patients and control subjects, but the ARG-GHRH test was preferred by patients. For all tests, the definition of test-specific cutpoints improved the sensitivity and specificity for the diagnosis of adult GHD. Peak serum GH occurred earlier in the majority of control subjects than in patients with pituitary disease. However, there was a wide variation in the timing of peak GH in all three study groups, indicating that it is not advisable to streamline stimulation test blood sampling to one or two time points.
The diagnosis of GHD in adults is challenging because of the lack of a single specific biologic end-point, such as growth failure, which is the cardinal clinical sign in pediatric patients. Therefore, the confirmation of GHD largely rests on laboratory testing in the context of a history of childhood GHD or adult-onset hypothalamic-pituitary disease. The peak GH response to an ITT is more specific than measurement of 24-h spontaneous GH release for the diagnosis of adult GHD (30) . The use of a cut-point or threshold for normal GH response to a stimulation test is arbitrary; GH secretion may not be completely absent in GHD, but may rather reflect a continuum between normal and abnormal (28) . Few studies to date have evaluated different peak GH cut-points for different stimulation tests (5, 16, 18) . The cutpoints of 3 or 5 g/liter, which have been accepted as defining GHD, have often been applied in clinical practice regardless of the pharmacologic agents used. Another important variable to consider regarding the use of an arbitrary cut-point is the type of GH assay performed (18, 31) . When the same serum samples are tested in different assays, there is wide variability in the absolute values reported. As a result, the classification of individual subjects as normal or GH deficient may change (32, 33) .
In the current study, a single GH assay was employed, and two different statistical methods were used to define cutpoints for the diagnosis of GHD. Using ROC analysis, 95% sensitivity and 95% specificity cut-points were calculated for each test. High sensitivity cut-points maximize detection of adult GHD, whereas high specificity cut-points minimize misclassification of normal subjects as GH-deficient. Thus, clinicians can choose whether the priority for an individual patient is to attain high sensitivity or high specificity, and use corresponding cut-points. For example, in a patient with panhypopituitarism, in whom there is a very high probability of GHD (4, 20, 21, (27) (28) (29) , a clinician might prefer a test with at least 95% sensitivity (limiting the chance of a false negative result), in order not to misclassify the patient as having normal GH secretion, and withhold potentially beneficial therapy. In contrast, in an asymptomatic patient with 0 -1 PHD, the risk of GHD is lower (4, 20 -21, 27-29) . In such a patient, the goal might be high specificity (limiting the chance of a false positive test), to avoid the unnecessary use of GH replacement. However, if such a patient had symptoms compatible with GHD, the use of the 95% sensitivity cut-point might be deemed most appropriate by some clinicians. For a balance between high sensitivity and high specificity, the cut-point derived by CART analysis to minimize misclassification of MPHD and control subjects may be used.
There are many variables affecting GH secretion and responsiveness to provocative testing (17) (18) (19) . GH release declines with age and is influenced by sex, estrogen use, and body composition (17) . Obesity suppresses GH release, with 24-h GH levels in obese men reduced by 75% in comparison with age-matched normal weight subjects (34) . Each one unit increase in BMI has been shown to be associated with a 6% decrease in 24-h GH secretion (35) . The amount of abdominal visceral fat is a stronger predictor of 24-h GH release than is total percentage body fat (36) . In addition, decreased responsiveness to stimulation tests such as GHRH, ITT, ARG, l-DOPA, and ARG-GHRH has been demonstrated in subjects with obesity and/or abdominal adiposity (8, 10, 17) . Thus, permanent GHD due to organic hypothalamic-pituitary disease may be difficult to distinguish from the reversible blunting of GH secretion in obesity (18) . These findings underscore the importance of using a control population matched for age, sex, estrogen use, and BMI when evaluating GH stimulation tests for the diagnosis of GHD. No prior study evaluating a number of GH stimulation test agents has controlled for all of these variables. In the present study, BMI was inversely related to peak serum GH responses to the ITT and ARG-GHRH test in control subjects. This relationship was not seen in MHPD subjects (likely due to their overall very low responses), nor was it seen for any of the other tests. Although the inclusion of age, sex, and BMI did not alter the cut-points arrived at by CART analysis, the present study was not designed to evaluate whether different peak GH cut-points are necessary based on age, sex, or BMI. The inclusion of control subjects matched for these variables resulted in lower peak GH cut-points for some of the tests than are presently used in clinical practice. Therefore, the use of these new cut-points will improve the specificity of diagnostic testing for adult GHD.
The ITT has been considered the diagnostic gold standard in establishing the presence of GHD in adults (3). An advantage of the test is that it allows evaluation of the complete hypothalamic-somatotroph axis, making it useful in patients with both hypothalamic and pituitary disease. However, there are a number of disadvantages to this test. Patients with contraindications to hypoglycemia such as seizures and ischemic heart disease are not considered candidates, and patient safety requirements make it a labor-intensive procedure (37, 38) . In addition, the ITT has poor reproducibility for an individual subject. Up to a 6-fold difference in peak GH has been demonstrated on different days in healthy adults undergoing ITTs, regardless of the degree of hypoglycemia (16, 39) . Although some investigators have shown total separation of patients from carefully matched control subjects using the ITT (30), others have reported overlap between the groups (13). Our study did not evaluate reproducibility of the ITT, but it did demonstrate near-complete separation between control subjects and those patients considered at high risk for GHD, based on of the presence of at least two other PHD. Only one control subject had a peak GH of less than 3 g/liter following ITT; his failure to respond was likely due to his morbid obesity and inadequate hypoglycemia. The high diagnostic accuracy of this test is demonstrated by the area under the ROC curve of 0.962 (1.00 would indicate perfect separation between the diseased and normal groups).
A peak serum GH cut-point of 5.0 g/liter provided 95% sensitivity and 92% specificity for the diagnosis of GHD. Although the test is clearly useful for separating MPHD patients from control subjects, it was the least preferred stimulation test by patients. The ARG-GHRH test performed equally well, as shown by an area under the ROC curve of 0.968, indicating that it provides an ideal alternative to the ITT. Subjects preferred this test to the ITT. The GH response to ARG-GHRH is independent of age, and there is less inter and intraindividual variability than with other stimulation tests. Thus, it has been considered the best diagnostic alternative to the ITT (3, 40, 41) . However, the GH response to ARG-GHRH is decreased in healthy obese subjects (42) . Interestingly, two studies have reported higher peak GH levels to ARG-GHRH than to ITT, a finding not seen in our study (5, 15) . In the report by Ghigo et al. (15) , the control subjects were within 15% of ideal body weight. Our control subjects had higher BMIs (mean: 30.3 Ϯ 5.8 kg/m 2 ; highest value: 45.6 kg/m 2 ) than in these previous reports, because they were intentionally BMI-matched to the MPHD patients. If the peak GH cut-point of 9 g/liter, suggested by previous studies, (5) were applied to our population, all patients with MPHD would be classified as GH deficient, but many of our control subjects would fall below this threshold as well. The peak serum GH cut-point that minimized the misclassification of MPHD and control subjects in the current study was 4.1 g/liter; this cut-point provided 95% sensitivity and 91% specificity. This excellent separation between patients with GHD and carefully matched control subjects, coupled with the high degree of patient acceptability, suggests that the ARG-GHRH test is the best alternative to ITT in our population.
Many investigators have evaluated ARG alone as a provocative test of GH secretion in adults (11, 12, 43, 44) . This amino acid is believed to increase GH by suppressing endogenous somatostatin (11, 45, 46) . The ARG test was ranked the most preferred test by our study subjects. ARG has been shown to have high intraindividual reproducibility, but normal subjects often have peak serum GH values less than 3 g/liter, producing overlap with patients considered to have severe GHD (44, 47) . Indeed, over half of the control subjects in the current study would be misclassified as GH-deficient if this criterion were used. A peak serum GH cut-point of 1.4 g/liter provided 95% sensitivity, but only 62% specificity. To achieve 91% specificity a very low cut-point of 0.4 g/liter was required, but this resulted in a lower sensitivity (87%). The specificity of the ARG test can be substantially improved by combining it with l-DOPA. Children have been shown to have a greater response to the combination of these agents that to either alone, but there have been no controlled data evaluating this combination in adults (48) . In the current study, a peak serum GH cut-point of 1.5 g/liter for the ARG-l-DOPA test provided 95% sensitivity and 79% specificity. Although testing with l-DOPA alone has been suggested as an effective alternative to the ITT, it was the least useful of the five GH stimulation tests we evaluated. The l-DOPA test had the lowest ROC area among the five stimulation tests, reflecting the fact that the majority of MPHD patients overlapped with control subjects. The earlier, more positive studies included only nonobese normal subjects, as young as 13 yr old, which may account for the higher serum GH responses to l-DOPA. These older studies also employed GH RIAs, producing higher absolute values than assays that are now commonly used (6, 7) . Considering the ease of administration of l-DOPA, which is the only oral GH stimulation agent, this could be used as a screening test for determining which patients do not need further testing. A peak GH response greater than 1.1 g/liter, the cut-point to minimize misclassification of MPHD and control subjects, could be used to identify patients who most likely do not have GHD. All 16 of the control subjects with such a response to l-DOPA had peak GH responses greater than 5 g/liter with ITT. Patients with peak serum GH levels below this cut-point would need another test with a higher specificity, such as ITT, ARG-GHRH, or ARG-l-DOPA to confirm the diagnosis of GHD.
Although the mean serum IGF-I concentrations were significantly different in MPHD patients compared with carefully matched control subjects, there was substantial overlap between the two groups. This test had the lowest ROC area among the six diagnostic tests evaluated. This is not surprising, as numerous studies have demonstrated that some patients with GHD have serum IGF-I concentrations within the normal range, as was the case for 44% of the MPHD patients in the present study (4, 15, 16, 21, 27, 30, 47, 49 -51) . Because of the decline in serum IGF-I levels with age, the diagnostic utility of measuring this hormone is particularly low in older patients (15, 44 ). An IGF-I level below a certain cut-point might be useful for the diagnosis of GHD, especially in childhood-onset or young adult-onset GHD patients (50, 52) . The most useful finding of the present study regarding IGF-I measurement was that a cut-point of 77.2 g/ liter provided 95% specificity for GHD; only one control subject had an IGF-I value below this cut-point. Similarly, another study reported that an IGF-I value below 84 g/liter had 95% PPV and 89% specificity for adult GHD (4). These findings might allow a subgroup of patients to undergo a single blood sample instead of a stimulation test. However, because different IGF-I assays may yield different results, and serum IGF-I concentrations may be decreased by a variety of causes, caution should be used in applying low IGF-I diagnostic cut-points to the diagnosis of adult GHD in clinical practice (3) . SDS offer the advantage of taking into account age and sex. We found that in this population, an IGF-I SDS of Ϫ2.00 provided 100% specificity for the diagnosis of GHD in the age range studied. Our study did not include normal subjects over the age of 68 yr; it will be important for future studies to evaluate the diagnostic utility of IGF-I SDS in elderly patients with pituitary disease.
The severity of pituitary disease, marked by the number of PHD present, is associated with the severity of GHD. The mean peak GH response to provocative testing and serum IGF-I concentrations decline progressively with increasing number of PHD (4, 20, 21, (27) (28) (29) 51) . Two studies reported that 87-91% of patients with two or more PHD had severe GHD (20, 21) . This was reproduced in the current study, as 89% of the MPHD patients had a peak serum GH less than 3 g/liter on the ITT. The concordance between different tests in an individual patient may be higher in patients with MPHD (28) . In the current study, the group of subjects with 0 -1 PHD had IGF-I and peak GH values that were intermediate between the MPHD and control subjects. Using the cut-points that minimized misclassification of MPHD patients and control subjects, the percentage of patients with 0 -1 PHD that were classified as GHD varied from 19 -55% depending on the GH stimulation test. With ITT and ARG-GHRH, the percentage of patients with 0 -1 PHD who had peak GH less than 3 g/liter was 40% and 24%, respectively. This probably reflects the biological heterogeneity of this patient group and is consistent with the findings of previous studies. Thus, for the diagnostic evaluation of such patients, the use of cut-points with high specificity may be needed to avoid treating those who are not GH deficient.
Limitations of this study must be considered. Because the ITT was performed only in subjects under 55 yr of age, data regarding the GH response to hypoglycemia are not available for older participants. Borderline attainment of hypoglycemia in five subjects may have blunted the magnitude of the peak GH response to ITT. However, the peak GH response to ITT does not correlate with the degree of hypoglycemia in healthy adults (53) . Furthermore, exclusion of these five subjects from the analysis did not change the peak GH cut-point for the ITT. Because of variability in GH assays (18, (31) (32) (33) , the peak GH cut-points suggested here apply only to the particular assay used. Another limitation to any study evaluating tests for the diagnosis of GHD lies in the definition of the disorder. Because there is no absolute method for distinguishing between GH sufficiency and deficiency, there must be an arbitrary determination used to evaluate the chosen diagnostic tests. Finally, pulsatile and stimulated GH levels may be higher in the preovulatory and luteal phase of the menstrual cycle than during the follicular phase (54) . Although female control subjects were matched to MPHD patients according to estrogen status, subjects with regular menses were not studied at a particular phase of the cycle, which may have produced some variability between subjects.
Many pharmacologic agents other than those included in this study have been used to stimulate GH secretion. Clonidine alone is clearly not adequate, as many normal individuals have no detectable GH response, or show the same response as to placebo (12, 47) . Glucagon injection im is considered a useful alternative to ITT by some investigators, but reported by others as being less effective than ARG (7, 12, 55) . A number of agents have been used in combination with GHRH. Pyridostigmine plus GHRH cannot be used across the life span in the same way as ARG-GHRH, because the potentiating effect of pyridostigmine on GH release declines with age (40) . The newest agents used in combination with GHRH for the diagnosis of GHD are the synthetic GHreleasing peptides (GHRP). The combination of GHRH with hexarelin, GHRP-6, or GHRP-2 is well tolerated and useful diagnostically. Subsequent studies will be needed to confirm these promising initial findings and to evaluate the proposed cut-points, which are higher than with ITT (14, 56, 57) .
In conclusion, this comparison of six tests for the diagnosis of GHD in adults with hypothalamic-pituitary disease and carefully matched control subjects demonstrated that the greatest diagnostic accuracy was obtained with the ITT and the ARG-GHRH test. While there was more overlap between MPHD patients and control subjects for ARG, l-DOPA and ARG-l-DOPA, test-specific cut-points were defined to improve the sensitivity and specificity of these tests. The ARGl-DOPA test appears to be a reasonable third choice. These data indicate that it is possible to diagnose GHD in adults without performing an ITT, provided that test-specific cutpoints are employed. The ARG-GHRH test represents an excellent alternative to the ITT for the diagnosis of GHD in adults.
